Bilinear time-frequency distributions (TFDs) offer improved resolution over linear time-frequency representations (TFRs), but many TFDs are costly t o evaluate and are not associated with signal synthesis algorithms. Recently, the spectrogram (SP) decomposition and weighted reversal correlator decomposition have been used to define low-cost, highresolution TFDs. In this paper, we show that the vectorvalued "square-root" of a TFD (VVTFR) provides a representational underpinning for the TFD. By synthesizing signals from modified VVTFRs, we define high-resolution signal synthesis algorithms associated with TFDs. The signal analysis and synthesis packages can be implemented as weighted sums of SP/short-time Fourier Transform signal analysis and synthesis packages, which are widely available, allowing the interested non-specialist easy access to highresolution methods.
BACKGROUND
First, we restate the SP decomposition and weighted reversal correlator decomposition (WRCD). Discrete-time TFDs can be defined in an inner product form [l, 3, Note that the difference between non-negative TFDs and high-resolution TFDs is the unitary operator used to map the local signal onto a positive or real value. Both lowresolution TFDs and high-resolution TFDs admit a representation of the signal using time-frequency localized functions.
However, for the DTWD, the local representation of the signal is just the signal itself: V,(n,w; +WD) = x for all n, w ,
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HIGH-RESOLUTION SIGNAL SYNTHESIS
Least-squares signal synthesis from modified VVTFRs associated with non-negative TFDs can be proposed, 2 = arg min, n (7) and solved as the weighted sum of solutions to least-squares signal synthesis from modified STFTs:
is the least-squares solution to a signal synthesis problem from a modified STFT (see Figure 1) .
The signal synthesis algorithm in (8)-(9) can be generalized to high-resolution TFDs, where &,, is still given by (9) and { A , } and { e k } are the eigenvalues and eigenfunctions of 6, as in (2). Some of the eigenvalues will be negative, since the TFD is no longer non-negative.
Note that, because some of the eigenvalues are negative, the high-resolution algorithm is not the least-squares solution to a modified VVTFR problem as in (7). However, some of the properties of the algorithm illustrate that it may be a very useful tool regardless.
For example, if the TFD satisfies time and frequency
where M ( w ) is the discrete-time Fourier Transform of m ( n ) . The Weyl correspondence demonstrates the same "marginal properties"
[7] because the kernel for the WD satisfies the time and frequency marginal properties.
Alternatively, a synthesized signal that might better correspond to this particular mask is the local signal, f = V,(n, w ; $). The local signal may be useful for non-parametrized detection/estimation and other problems (21. The signal synthesis algorithms in (8)- (9) 
M ( n , w ) .

EXAMPLES
In Figure 2 we demonstrate the effect of smearing and the utility of the local signal. Figure 2a contains the SP of a 64-point complex tone embedded in complex, white gaussian noise of equal total energy using a 64-point rectangular window, and Figure 2d The DTWD of the signal synthesized from the Binomial distribution (Fig. 2f) is as good as that from the matchedwindow SP (Fig. 2c) . Also, the local signal for the Binomial distribution (Fig. 2e) properly identifies the locally tonal nature of the signal. The local signal for the SP (Fig. 2b) can only be a time-frequency translate of the window function, which is the noise-free complex tone in this case. This time, the DTWD of the signal synthesized from the Binomial distribution (Fig. 21) is much better than that from the badly mismatched SP (Fig. 2i) . The local signal for the Binomial distribution (Fig. 2k) properly identifies the locally transient nature of the signal, while the local signal for the SP (Fig. 2h) , which is again a time-frequency translate of the window function, is a very poor representation of the locally transient nature of the signal.
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CONCLUSION
We have discussed high-resolution signal synthesis algorithms which can be implemented as weighted sums of STFT synthesis algorithms. The high-resolution algorithms were derived as an extension of least-squares signal synthesis from modified time-frequency indexed local signals, which pro- Boashash, Longman and Cheshire, 1992 . 4-6, 1992 . NM, pp. 1607 -1610 signal synthesis for a simple example.
If there are only a few significant terms in the SP decomposition of a high-resolution TFD, then the associated signal synthesis algorithm defined in (8)-(9) can be approximately implemented using only a few STFT signal synthesis units. In previous work, we have used the SP decomposition to define fast approximations to desirable high-resolution TFDs [4] when the SP decomposition yields only a few significant terms.
The results in this paper along with our previous work define a high-resolution signal analysis and synthesis package which can be implemented using only a few weighted SP/STFT signal analysis and synthesis units (Figure 1) . Experimenters who have access to SP/STFT packages can now easily gain access to high-resolution analysis and synthesis packages through simple modifications to their existing software.
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